INTRODUCTION
Biological therapies have helped advance the care of patients with rheumatoid arthritis (RA). 1 Clinical success achieved with biological agents, particularly inhibitors of tumour necrosis factor (TNF), has led to alterations in the overall treatment approach to RA and the goals of therapy. Thus, at present, lowdisease activity (LDA) or remission is considered the most appropriate objective for treatment. 2 This has been reflected in treatment recommendations by international rheumatology societies. 3 4 An area of increasing interest is whether patients with RA who have achieved good clinical responses may discontinue biological therapies while maintaining clinical benefit. The potential benefits of such an approach could include lower costs, reduced safety concerns and conforming with patient preferences. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] To date, this concept has been addressed mainly in clinical trials using heterogeneous methods. 5 In these studies, tapering or discontinuing TNFi therapy has been successful for subsets of patients over variable periods of time.
The objective of this study was to determine how long patients with RA in clinical practice who had achieved LDA while receiving their first TNF inhibitor (TNFi) could maintain clinical benefit after discontinuing that agent. We used data from a large US-based patient registry to understand the success of TNFi discontinuation in typical practice. Such analyses help fill evidence gaps sometimes left with data from clinical trials by virtue of factors such as greater patient diversity and heterogeneity, longer follow-up and better generalisability to actual clinical practice.
MATERIALS AND METHODS Study cohort
The Corrona RA registry is an independent, prospective observational cohort. 24 Patients with RA are enrolled by clinical rheumatologists at 104 academic and private practice sites across the USA. Using standardised questionnaires, patients with RA and rheumatologists provide data on demographics, disease activity and severity, comorbid conditions, concomitant medications, laboratory and imaging data, adverse effects and other information. At the time of these analyses (through September 2013), Corrona included data on 35 636 patients with RA with data provided every 3-6 months (mean follow-up 3.3 years).
We assessed all patients with RA who discontinued their first TNFi and had no prior use of a non-TNFi biologic. All background non-biological disease-modifying antirheumatic drugs (DMARDs) were permitted as co-therapy. Analysis was restricted to the first TNFi because data suggest subsequent courses of TNFi therapy may have lesser efficacy. 4 To be included in the analysis, patients with RA had to have LDA or lower levels of disease activity, defined by a clinical disease activity index (CDAI) ≤10, at the time their TNFi was discontinued, had no switch to or addition of any biological or non-biological DMARD at time of discontinuation and had at least one follow-up visit after discontinuation. These criteria yielded a population of 717 patients. From those 717, we separately assessed a subset of 301 patients who had initiated their first TNFi while in Corrona to evaluate factors including time on drug, speed of response and time in LDA. The remaining 416/717 patients began data collection within the registry while already receiving their first TNFi.
Outcome
Failure to maintain clinical benefit was defined as (1) increase of the CDAI score to >10, (2) initiation or reinitiation of any biological agent, (3) addition of any non-biological DMARD or increase in dose, or (4) addition of prednisone or increase in dose. Patients without these were censored at the time of their last recorded Corrona visit.
Covariates
Covariates of interest measured at the time of TNFi discontinuation included age, sex, race, education level, insurance coverage, duration of RA, smoking status (never, former or current smoker), body mass index (BMI), rheumatoid factor (RF) and cyclic citrullinated peptide (CCP) seropositivity (neither, either, both), radiographically erosive disease; concomitant nonbiological DMARD use (methotrexate (MTX) or another nbDMARD), over-the-counter drug use (non-steroidal antiinflammatory drugs, folic acid, fish oil or borage oil) and prednisone use. Collected were disease activity measures at discontinuation: CDAI (and its components: 28 tender and swollen joint counts, patient and physician global assessment scores), patient pain, modified Health Assessment Questionnaire (mHAQ), disease activity score 28 (DAS28)-erythrocyte sedimentation rate (ESR), ESR and C-reactive protein (mg/L). Among the subset of 301 patients who initiated their first TNFi while in Corrona, time on TNFi, time in LDA prior to TNFi discontinuation and time from TNFi initiation to LDA, stratified by early responders (≤4 months) versus late responders (>4 months), were assessed.
Statistical analyses
All Corrona data are actively maintained by Corrona personnel, including statisticians (CE, VC, GR), who performed all the analyses. Summary statistics were used for demographics, drug therapy and disease-related characteristics at discontinuation of TNFi and again when they lost clinical response or were censored.
Kaplan-Meier method was used to estimate median time to loss of clinical benefit and the proportion of patients remaining with clinical benefit at 6-month intervals from 6 to 36 months after drug discontinuation. Cox proportional hazards model method was used to identify factors related to maintaining clinical benefit. Factors significant at the 20% α level ( p<0.20) in univariable Cox modelling were evaluated together in a multivariable Cox model. Age, CDAI and other disease activity variables at discontinuation were dichotomised at the median of their distributions. Duration of RA disease was assessed in several ways: median at time of TNF discontinuation: >8 vs ≤8 years (reference), >1 vs ≤1 (reference) and >2 vs ≤2 years (reference). HRs are shown for high (above median) versus low (below median, reference). BMI was categorised as normal: <24.5 and overweight/obese: >25 units. RF and CCP-positive status were modelled separately and combined. Since disease activity variables were significantly correlated (R>0.20, p<0.001) with CDAI at discontinuation, CDAI, patient pain and mHAQ were evaluated in separate multivariable models. Although DAS and erosive disease were significant in univariable analyses, they were not included in the multivariable analyses due to a lower rate of data collection for these two variables that reduced the analysable sample size.
Survival models based on interval censoring were evaluated, but results were similar to the Cox models based on right censoring, so only the Cox model based on right censoring is presented. The proportional hazard assumption was evaluated by visual inspection of the regression of scaled Schoenfeld residuals on time but there was no evidence that it was violated. A physician random effect (frailty model) was evaluated to account for patients clustering within the same physician in order to model unexplained heterogeneity. 25 In the Cox model using the full set of N=717 patients, the resulting p=0.333 for the physician random effect; it was concluded that there was no evidence of within-physician correlation observed (HRs of variables in the final Cox model were consistent with and without inclusion of physician random effect).
We performed the above analyses in the subset of patients who initiated their first TNFi within Corrona. In addition to the above variables, we evaluated CDAI at TNF initiation dichotomised as ≤10 (LDA) vs >10, time on TNF (dichotomised at median=9 months), time in LDA (in months) prior to TNFi discontinuation (dichotomised at median=5.7 months) and time from TNFi initiation to LDA (in months), stratified by early responders (≤4 months) versus late responders (>4 months). Figure 1 summarises how the final set of 717 patients with RA in Corrona who met the inclusion criteria was derived. Of these, 301 (42%) patients had the initiation of their first TNFi captured while they were in the Corrona registry; the remaining 416 were prevalent TNFi users. Table 1 summarises the baseline characteristics of the population at the time of TNFi discontinuation.
RESULTS
Over the years of follow-up, 601 of 717 patients (83.8%) eventually lost clinical benefit; 116 (16.8%) were censored. Among the subset of 301 patients that initiated their first TNFi while under observation in the Corrona registry, 243 (80.7%) lost clinical benefit during follow-up and 58 (19.3%) were censored. Disease activity measures at the time of TNFi discontinuation and at the end of study (loss of clinical benefit or last visit) are shown in table 2.
Reasons for loss of clinical benefit are shown in table 3. A patient could have multiple events that defined loss of clinical response. Among the list of events that defined loss clinical benefit, the largest reason was initiation of a biological agent, followed by an increase in disease activity with the CDAI score increasing to >10.
The time course of loss of clinical benefit is shown in figure 2 . A number of potential factors that could have affected maintenance of clinical benefit were assessed-smoking status, BMI, seropositivity, DAS, CDAI at discontinuation, patient pain at discontinuation and mHAQ at discontinuation. Factors that were significant at the 20% level in univariable Cox modelling were evaluated together in a multivariable Cox model. Age and gender included in multivariable models as covariates although they were not significant at the 20% level. Seropositivity was also statistically significant and related to loss of clinical benefit among all patients (data not shown); however, inclusion of this variable in the multivariable model also reduced the analysable sample size. In the final multivariable models, it was observed that clinical disease activity index (CDAI), patient pain and mHAQ at discontinuation were statistically significant with HR of 1.28 (95% CI 1.09 to 1.50) for CDAI, HR 1.24 (95% CI 1.05 to 1.47) for patient pain and HR 1.21 (95% CI 1.02 to 1.42) for mHAQ (table 4) . Concomitant MTX or prednisone use at the time did not impact the results.
Among patients initiating their first TNFi within Corrona, the time to achieve clinical response correlated with loss of clinical benefit. Thus, patients who achieved LDA within 4 months of therapy, typically the time of the earliest follow-up visit in the Corrona registry, did better than those who responded slower-HR 1.43 (95% CI 1.07 to 1.91) with adjustment for age, gender, race, smoking status and BMI (data not shown). Time on TNFi was not significant-HR 1.0 (95% CI 0.99 to 1.01) (data not shown). Time in LDA was not a significant ( p>0.05) predictor of loss of clinical benefit; however, because this may have been affected by patients starting TNFi while already in LDA, a separate analysis was performed for the 133/301 patients whose CDAI was >10 at the time of TNFi initiation. In that subset of patients, less time in LDA was associated with loss of clinical benefit (HR for time in months as a continuous variable-0.98 95% CI (0.97 to 0.99)). Of note, RA disease duration, assessed in multiple ways, did not impact duration of clinical benefit maintenance (data not shown).
DISCUSSION
An area of increasing interest in RA is whether patients who have achieved good clinical responses may discontinue biological therapies while maintaining clinical benefit. Interest in this approach relates to several factors. Because the acquisition costs of biological therapies exceed those of older agents, there could be substantial economic benefit if these agents could be stopped while maintaining desirable clinical outcomes. Also, although biological agents are generally safe, any immunomodulatory therapy may potentially be associated with untoward effects, such as increased risk of infection. Discontinuing therapy would reduce those concerns. In addition, patients with chronic diseases such as RA often express to their physicians a preference to not use medications chronically. Indeed, patients' choices regarding medication use, based on factors such as beliefs about medications and disease, critically impact how therapies are actually used. 26 27 To date, the question of whether TNFi can be discontinued has been addressed mainly in a number of clinical trials. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] This is an area of intense interest, with many studies ongoing. Of note, the methods used across these studies has been heterogeneous, and important differences among them makes synthesis of data complex. 5 Important differences include tapering plan (decreased dose, increased interval, discontinue), target prior to tapering (LDA, remission and how these are defined), length of time at target prior to tapering, duration of RA, prior and concomitant treatments, depth of response prior to tapering and definitions of failure. 28 In most studies, some patients have been able to discontinue treatment for some time, although the numbers and duration have been variable. Moreover, as many of these reports were clinical trials, there is the possibility that the patients enrolled in studies may have important differences from the general RA population. Also, follow-up times have generally been a year or less. Thus, it is difficult to extrapolate data from these studies to typical practice. We used registry data from the large Corrona registry to address this question.
In this study, we found that patients with RA who were in LDA and stopped their first TNFi could maintain clinical benefit after Figure 1 Persistency feasibility flow chart.
discontinuing that agent. Although the majority of patients did eventually lose clinical benefit, according to the strict definitions we used, it is notable that the median persistence of benefit was over 20 months. Several factors were predictive of maintaining benefit, including seropositivity, as well as functional status and disease activity at the time of discontinuation. These have been noted in some other clinical trials assessing biological discontinuation. Interestingly, although it was looked at in several ways, early disease did not emerge as a factor influencing maintenance of clinical benefit. This may be surprising as patients with early RA generally achieve higher outcomes such as LDA and remission to a greater extent than those with more established disease. However, we did observe that patients who achieved LDA more rapidly maintained clinical benefit longer than those achieving LDA more slowly. This suggests that factors impacting speed of achievement of remission or LDA may correlate better with persistent clinical benefit after discontinuing therapy than the achievement itself. However, the small number of patients available for these analyses is an important caveat.
There are a number of strengths to our analysis. By using the large Corrona database, we were able to accrue over 700 patients who were relatively homogeneous in important aspects, including use of their first TNFi. These patients are also recruited from rheumatology clinics and may perhaps be more representative of the overall RA population than patients from clinical trials. Also, we used a very conservative assessment of loss of benefit, with any change in treatment indicating treatment failure. Indeed, this might also be a limitation of the analysis as the rules used may be too conservative. In this analysis, patients who took low-dose steroids for a week for a small flare of disease would be considered to have lost clinical benefit even if they then stayed in LDA for years still off therapy. Similarly, patients whose CDAI went from 9 to 11 but then returned to 9 with no change in therapy would also be considered a failure. Another factor that may ultimately have made our analyses too conservative is that there is no control group. It could perhaps be expected that some patients in LDA who continued their first TNFi also would have 'failed' according to the conservative rules used. In future analyses, inclusion of a control group could be considered, although the need to accurately match patients for several key variables would make this logistically challenging.
There are several other potential limitations to our study. We do not know the specific reasons that TNFi therapy was discontinued by our patients and their physicians. No reason is available for the vast majority (>85%) of instances, and even among those noted, 47% were listed as 'other', thereby not allowing comprehension of the complexities of such decisions. Knowing the granular details involved in the patient and physician choice to discontinue therapy might provide important information relating to the success of this strategy. That would allow better extrapolation of these results. In addition, whereas we focused on discontinuation of therapy, it is possible that decrease in the dose of therapy may be a more successful strategy than discontinuing therapy. This was not addressed in this analysis, but will no doubt be investigated in future analyses. Another potential limitation is that the analysis was restricted to TNFi; the idea of tapering or stopping other biological agents or DMARDs (eg, MTX) in RA is also of interest. 29 30 On the other hand, by grouping TNFi, potential differences among the agents as regards sustained clinical benefit after discontinuation were not explored. TNFi were grouped in order to minimise reduction of the populations, and hence power of the analysis, that such assessment would require, and with the idea that clinical results achieved across all available agents have typically been comparable. In this analysis, we focused on LDA; it may be that the course of patients achieving higher levels of response, for example, remission, would differ in some ways from what we observed. This issue is an area of intense discussion in clinical trial design. 5 While restricting studies or analyses to patients in remission has a theoretical appeal, the trade-off is that smaller numbers of patients will achieve the higher target, and hence the studies need to be substantially larger or the analyses will be more restricted. In common with most registries, Corrona collects data at 3-month to 6-month intervals; it is possible that collection at additional time points may have provided further information. Another potential limitation to our study is that the strict definitions and requirements for the population assessed also resulted in a small percentage of the overall database being analysed (700/>35 000). As the interest in this topic has been increasing exponentially only in the past few years, it may well be that similar registry analyses performed in the near future might capture larger numbers of patients for assessment as the practice of tapering therapy increases in clinical practice. Finally, in this analysis we do not systematically address the disease course for patients who fail to maintain clinical benefit to see, for example, how they respond to reinstitution of therapy. These data show that discontinuation of a first course of TNFi may be associated with persistent benefit for a sizeable proportion of patients. Certain patient characteristics at TNFi discontinuation may help predict persistent benefit. Further analyses such as this may shed further light on this important emerging issue and allow physicians and patients to optimise their use of RA medications.
